Evaluation of Food Allergy in Patients with Atopic

Dermatitis

Marcel M. Bergmann, MD?, Jean-Christoph Caubet, MD?, Mark Boguniewicz, MD®, and Philippe A. Eigenmann, MD?

Geneva, Switzerland; and Denver, Colo

Atopic dermatitis (AD) is a common skin disease characterized
by inflammatory, chronically relapsing and pruritic eczematous
flares. Its estimated incidence is 10% to 30% in children. Food
allergy has been well documented in approximately one-third of
children with a moderate-to-severe AD. Cow’s milk, hen’s egg,
peanut, wheat, soy, nuts, and fish are responsible for >90% of
food allergy in children with AD. The incidence and type of food
can vary with age. In infants, cow’s milk, hen’s egg, peanut, and
soy and, in older children, wheat, fish, tree nuts, and shellfish are
the most common food allergens. Birch-associated foods have
also been described as potential triggers of AD in children as well
as in adults. The diagnosis of food allergy in AD is currently
based on the clinical history, skin prick tests, or blood test
screening, followed by an elimination diet and/or standardized
oral food challenge. Once an underlying food allergy is
confirmed, the avoidance of the incriminated food is generally
recommended and usually leads to an improvement of the AD.
Follow-up clinical evaluation with a detailed history and
tracking of the level of specific IgE to implicated foods are
typically used to evaluate the development of clinical tolerance,
further confirmed by an oral food challenge. © 2013 American
Academy of Allergy, Asthma & Immunology (J Allergy Clin
Immunol: In Practice 2013;1:22-8)

Key words: Food allergy, Atopic dermatitis; Eczema; Children

Childhood eczema has been well known for centuries but
remained until recently a purely descriptive clinical entity. During
the 20th century, the association of eczema with hay fever and
asthma was acknowledged, leading to define the so-called “atopic
triad.” In 1933, Wise and Sulzberger1 used for the first time the
term atopic dermatitis (AD), referring to a common skin disease
characterized by inflammatory, chronically relapsing and pruritic
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eczematous flares. The adjective atopic refers to the underlying
presence of elevated total IgE and frequent sensitization to aero-
allergens or food allergens, with AD often the first manifestation of
the “atopic march.”

AD affects a large number of children in industrialized
countries with an incidence of 10% to almost 30%, according to
published data.>* Tts onset is typically in early infancy even
though some patients may develop AD later in life. The inci-
dence of AD is estimated to be 1.7% in adolescents, 47.6% of
them with first symptoms in early childhood.” The reason for
persistence of AD into adulthood has not been established, but
a genetic predisposition is suspected. Adult-onset AD is rare,
occurring in 9% to 14% of cases.®”

Non-AD (not related to IgE-type sensitization) is more
common in preschool children or adults with a prevalence of
45% to 64% in children®® and 40% in adults.'® Children with
non-AD have been reported to have a lower risk of developing
asthma than atopic children.

Several studies have shown that allergens participate actively to
cause inflammation after ingestion of specific food in children
with AD.'"? Indeed, food allergy (FA) has been well docu-
mented in approximately one-third of children with moderate-
to-severe AD as a participating trigger of the inflammation, thus
influencing the severity of the disease.'> Cow’s milk, hen’s egg,
soy, and peanut are the most commonly associated allergens in
young children. They seem to play a minor role in older children
or adults in whom allergy to pollen-related foods, mostly to
apple, carrot, celery, and hazelnut, are more frequently involved
as triggering factors.' "

In this review, we describe the role of food allergens as trig-
gering factors of AD and elaborate on recommendations for
adequate management which are based on the most recent

published data.

WHERE ARE WE IN UNDERSTANDING
MECHANISMS LINKING FA TO AD?

AD arises from a complex pathologic interaction between
several factors, including a genetic predisposition that leads to
a defective skin barrier and a dysregulated immune response, as
well as environmental triggers that include allergens, irritants,
and microbes. Various stressors can also contribute to eczema
flares. A number of studies have provided better understanding
of the pathogenesis of AD and FA, focusing on the structural
abnormalities of skin barrier and the involved immunologic
pathways. We describe these briefly and refer to previous reviews
for further details.'®!”

A genetic predisposition clearly plays a role in the pathogenesis
of AD.'®1° Various genes have been identified, mostly coding for
proteins involved in skin barrier function as well as in innate and
adaptive immune responses.”” Genetic mutations of the gene
encoding filaggrin (FLG), an epidermal structural protein, have
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Abbreviations used
AD- Atopic dermatitis
APT- Atopy patch test
FA- Food allergy
FLG- Filaggrin
OFC- Oral food challenge
SCORAD- SCORing Atopic Dermatitis
SPT- Skin prick test

been found as a key defect that leads to epidermal dysfunction
and are strongly associated with increasing the risk of AD.*"**

Although to date, FLG mutations are the strongest genetic risk
factor for AD, the full implications of FLG defects are not
completely understood. In fact, not all patients with AD have
FLG mutations, and, conversely, not all subjects with FLG
mutations have AD. Of note, patients with FLG mutations and
AD tend to have early onset, severe, and persistent skin disease
and are more likely to have asthma and allergic sensitizations.>* >’
It is noteworthy that the odds ratio for FLG mutations and peanut
allergy appears to be even stronger than for AD (5.3 vs 3.1).%°
The association between FLG mutations and peanut allergy
provides a strong link between the disruption of the epithelial
barrier and the pathogenesis of peanut allergy.””

Thus, a defective epidermal barrier function is an important
hallmark of AD. Beside increased transepidermal water loss,
it allows the penetration of various environmental triggers
(microorganisms, irritants, allergens) to interact with the
immune system, thus participating in the pathogenesis of atopic
diseases.

Several immunologic alterations have been reported in
patients with AD and food allergy. The paradigm of the
inflammatory response in the skin after exposure to allergens
involves epidermal antigen-presenting cells (dendritic cells and
Langerhans cells) that express high-affinity IgE receptors binding
the antigen and presenting it to T cells, mainly T2, leading to
local inflammation.”® Regulatory T cells and more recently
regulatory B cells of various subtypes have been described as
playing a role in pathogenesis of AD and FA as well as the
development of tolerance to implicated foods.””®

THE ROLE OF ALLERGENS IN THE PATHOGENESIS
OF AD

Although the role of aeroallergens has been highlighted in
several studies,”® food allergens have been identified as the main
external triggers in AD, definitely contributing to the inflam-
matory response in selected patients.

Sensitization occurs classically through the gastrointestinal
tract, because of gut barrier dysfunction and consecutive facili-
tated absorption of food frotein, leading to the development of
FA in patients with AD. 041

In addition, Lack et al*? have shown that sensitization can
be achieved before ingestion, also by application of peanut oil
on inflamed skin. Similarly, Fox et al*® described a dose-
dependent association between household peanut exposure and
the risk of developing a peanut allergy. These findings suggest
that sensitization and development of FA might occur by
contact of the specific food with the inflamed skin even before
its ingestion.
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FOOD-TRIGGERING AD: CLINICAL EVIDENCE

The first observations that relate foods to skin diseases go back
to antiquity. However, in 1978 Atherton et al** showed for the
first time in a well-designed trial an improvement in eczema after
an elimination diet of cow’s milk and hen’s egg in 14 of 20
children with AD.

The role of food allergens in AD, based on standardized oral
provocation tests, was first established by Sampson in 1983.11
Twenty-six children aged 16 months to 19 years were tested and
those with a clear diagnosis were put on an elimination diet. The
most frequently tested foods were cow’s milk, hen’s egg, soy, and
peanut. Of this group, 15 children had 23 positive challenge tests,
mainly characterized by erythematous or maculopapular rashes 2
hours after ingestion of the food. The confirmation of an allergic
mechanism was further substantiated by the same investigators by
showing increased plasma histamine levels in a similar group of
patients.*> In addition, increased spontaneous basophil histamine
release was shown in children chronically ingesting foods they
were allergic to compared with control subjects.*®

After these seminal investigations, further studies have exam-
ined the prevalence of FA in AD. In 1988, Burks et al? studied
46 patients with eczema referred for an allergy work-up. Patients
were skin tested and underwent oral challenges with 33%
reacting to food allergens, most frequently cow’s milk, hen’s egg,
and peanut.

The first evaluation of the “true and unbiased” prevalence of
FA in patients with eczema not referred to an allergist, was
published in 1998 and showed that 37% of children with
moderate-to-severe AD had food allergy, confirmed by oral food
challenge (OFC)."? A similar prevalence was found 2 years later
in Europe among 74 Swiss children.*®

In contrast, Rowlands et al*® performed 91 food challenges in
17 hospitalized children with severe AD, refractory to multiple
therapies after strict elimination diets. Challenges included highly
suspected foods (hen’s egg, cow’s milk, wheat, soy) as well as
other foods with a low potential allergenicity. Only 3 positive
OFCs with immediate reaction were observed and no delayed
eczematous-type reactions, suggesting a low incidence of FA
linked to AD flares. However, because of differences in selection
criteria, it is difficult to compare these results with the previously
cited studies.

Cow’s milk, hen’s egg, peanut, wheat, soy, nuts, and fish are
responsible for >90% of FA in children with AD,*° with age-
dependent variations in classically incriminated food. Birch
pollen-related foods have also been described as potential triggers
of AD in older children and adults. These include families such
as the Rosaceae, Umbeclliferae, and Solanaceae, including
numerous fruit and vegetables, the most frequently consumed
being apple, carrot, celery, and hazelnut. In 2004, Breuer et al'®
described a worsening of eczematous lesions after an OFC with
birch pollen-related food in 5 of 12 children with AD. In
contrast to oral allergy syndrome, an IgE-mediated, immediate-
type localized and benign reaction that typically affects patients
with pollen allergy, worsening of AD might occur even after
ingesting birch pollen-related foods in cooked form.”' Major
pollen allergens involved with oral allergy syndrome are the
pathogenesis-related protein family 10, such as the birch pollen
allergen Bet v1. It should be stressed that oral allergy syndrome—
related triggering foods are geographically restricted (eg, allergy to
Bet v1 analogs such hazelnut allergens to birch endemic areas).
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Prevalence of FA in AD is much lower in adults than in
children,’*>? even though studies with a sufficient number of
patients are still lacking. The exact prevalence varies among

studies’®>> and cannot be clearly defined.

PATTERNS OF CLINICAL REACTIONS TO FOOD IN
PATIENTS WITH AD

Three different clinical reaction patterns in patients with AD
after OFC have been described, depending on the type of
symptoms and their time of onset.'*>®

Immediate-type, noneczematous reactions are usually IgE-
mediated, within 2 hours, with skin manifestations such as
urticaria, angioedema, flush, and pruritus or other immediate-
type reactions of the gastrointestinal tract, the respiratory tract, or
anaphylaxis. Various studies have reported the presence of
immediate-type, IgE-mediated food hypersensitivity in children
with AD.'"**®>” Cutaneous manifestations occur in 74% of
patients.”® In addition, children might develop a transient
morbilliform rash 6 to 10 hours after the initial immediate
reaction, disappearing within a few hours and considered as “late-
phase” IgE-mediated response.’® Immediate reactions are barely
seen during regular “natural exposure” to the implicated food.
This might be explained by the difficulty to identify an imme-
diate cutaneous reaction in an already inflamed skin or possibly
also to partial clinical tolerance by continuous intake of the
culprit food.”®

Isolated eczematous delayed-type reactions typically occur 6 to
48 hours after OFC with flares of eczema on predilection sites of
AD, suggestive for a non—IgE-mediated pattern. Only a few
studies have assessed this type of reaction. According to those
studies, 25% of reactions occur 2 hours and 10% of reaction at
least 16 hours after OFC.'*>?

A combination of the two above-mentioned patterns with an
immediate-type reaction followed by an eczematous delayed-type
reaction has been described in approximately 40% of children
with positive OFC.*°

FA IN AD: A DIAGNOSTIC PUZZLE

The diagnosis of FA in AD should be made in combination
with a thorough clinical history, a laboratory work-up, and an
elimination diet, validated if necessary by an OFC, as recom-
mended in the published guidelines for the diagnosis of food
hypersensitivity (Figure 1).>7:¢1

Before considering an allergy evaluation, optimal skin care
should be performed (see “Treatment of patients with AD and
FA”). In an interesting observational study, Thompson and
Hanifin® showed that parental concern about contributing FA
and the number of reported reactions decreased significantly after
adequate treatment of AD.

According to the recent position paper on food allergy by the
International Collaboration in Asthma, Allergy and Immu-
nology,® an allergy work-up should be considered in children
with (1) a clinical history of immediate reaction to a single food
or (2) moderate-to-severe AD despite optimal skin care and
currently ingesting a potential culprit food, because this may
actively contribute to inflammation (food-induced eczema). This
dual approach highlights not only the role of FA as a potential
trigger of eczema in moderate and severe AD but also the
increasing risk of FA, independently of AD flares, in this highly
atopic patient population.
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A detailed clinical history may point to a relation between
symptoms and a specific food in the case of an immediate-type,
IgE-mediated reaction. In food-induced eczema, the positive
predictive value of the history is much lower and the “cause-and-
effect” relation much more difficult to establish,'? in particular in
children with severe AD. A number of other factors, including
inhalant allergens, irritants, microorganisms, or p}?rsical factors
such as excessive heat, can lead to an eczema flare.'>%* Sampson5 6
showed that only 35% to 50% of parent-diagnosed FA could be
confirmed by a double-blind placebo-controlled food challenge.

The history needs often to be confirmed by allergy testing.
When food allergy is suspected, 7 vivo (skin prick tests; SPTs)
or/and in vitro testing (specific IgE measurement) to explore an
IgE-mediated sensitization should be performed to the suspected
food(s). In a multicenter, international study that included
a large cohort of children, Hill et al®® showed that the earlier the
onset of AD, the greater the frequency of associated high levels of
IgE to foods, in particular milk, egg, and peanut. In fact, the
frequency of food-specific IgE positivity was highest in infants
whose eczema developed in the first 3 month of age (64%) and
lowest in those whose eczema developed after 12 months of age.
The same association was found between the severity of the
eczema and the positivity to food-specific IgE tests.

The choice of food tested should be done according to the
clinical history and to the most prevalent food allergy in a given
population, because positive specific IgE tests to multiple food
allergens are commonly found in infants with AD, most of them
without any clinical relevance and related only to atopy. To
reduce the number of OFCs, these should be restricted to the
most likely suspected foods.

It is still controversial if infants presenting with moderate-to-
severe AD should be tested for the most prevalent allergenic
foods before their introduction and in case of positive results, if
delayed introduction of the specific food is beneficial or not. The
practical approach seems to vary, depending of referral centers,
and further studies are needed to evaluate exact indication for an
allergy workup in this specific situation.

In severe AD, an accurate clinical history for recurrent severe
bacterial infections and physical examination for dysmorphic
features are mandatory to exclude an underlying immunodeficiency.

SPTs

SPTs are usually done as first-line tests and allow detecting the
presence of specific IgE to various foods. They have an excellent
negative predictive value, depending on the food, in general
>95%, but a low positive predictive value of approximately
40%.""°*%” Lemon-Mule et al®® found that <40% of patients
with positive SPTs or food-specific IgE had OFC-proven FA.
According to these observations, negative prick tests can be
helpful to rule out FA, but a positive test often needs to be
confirmed by an elimination diet followed by an OFC to confirm
the diagnosis of FA.

Serum-specific IgE

The measurement of specific IgE has been shown to be useful
in the diagnosis of IgE-mediated FA and is widely used in the
diagnosis of FA in children with AD for predicting clinical
reactivity. Similarly to SPTs, a negative test is helpful to exclude
a FA, but the positive predictive value is expectedly low.>®
Decisional cutoff values for specific IgE to a limited number of
foods have been established to provide >95% confidence in
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Child with moderate to severe AD and
no history of immediate type allergic
reactions to regulary ingested foods

Moimprovment with optimal skin care

Positivetests:
Diagnostic
elimination test
diet for 4
weeks*

Nolmprovement:

Food allergy not a Improvement:
trigger Considerfood allergy
Stop elimination
test diet

If strong suspicion,
aggressive ADtreatment
andreconsider OFC

Standardized OFC

Negative OFC:
Reintroduce food
into diet

Allergy work-up to

Negativetests:

most common food No elimination
allergens in AD diet
Positive OFC
{with an immediate or delayed skin
reaction):

Confirms food allergy.
Institute an elimination diet, organize
follow-up visits.

FIGURE 1. Algorithm for the investigation of foods potentially triggering eczema in a child with moderate-to-severe AD.

patients with OFC-confirmed FA.%*7° The variability of results
observed, mostly in relation to age and the clinical characteristics
of the study populations, suggest that these tests need to be
interpreted in the clinical context of a single patient. In addition,
elevated serum-specific IgE titers are not necessarily a contrain-
dication to performing OFC.”!

New methodology that allows cloning and purifying of
specific proteins (recombinant allergens) and the investigations of
these specific components in the allergenicity of the food have
improved the diagnosis of FA and are also increasingly used in
patients with AD and associated FA.”*7*

Although not yet fully validated, mapping procedures for IgE
binding to epitopes within the peptides with the use of microarray
analysis has shown promising results in differentiating allergic and
tolerant patients.75’76 These methods, however, are still under
investigation.

Atopy patch test

Epicutaneous tests or atopy patch test (APT) have also been
studied for their validity in diagnosis of FA in patients with AD
and might be an additional tool in selected cases in which SPTs
or specific IgE fail to identify a suspected food, as well as in
children with multiple, mostly nonrelevant, sensitizations to
identify the relevant food.””"”® Mehl et al”® compared, in a well-
designed study, the sensitivity and specificity of APT versus SPT
and measurement of specific IgE antibodies to selected foods
(cow’s milk, hen’s egg, wheat, and soy) in 873 children with
moderate-to-severe AD without a history of immediate reactions
in relation to a positive OFC. APT showed greater sensitivity
than SPTs and specific IgE in cases of delayed eczematous
reactions and improved both sensitivity and specificity as well as
the predictive value when combined with SPT and specific IgE.

Niggemann et al®” suggest usinga 1/10 dilution in saline of the
fresh food, applied for 48 hours on nonlesional skin with inter-
pretation 20 minutes and 24 hours after removal of patches.
However, the reproducibility of the APT is still controversial and
seems to vary according to the tested food.®' Furthermore, APT
still needs to be standardized, and, according to a recent European
Academy of Allergy and Clinical Immunology position paper, it
cannot yet be recommended in routine clinical practice.”

Elimination diet as a diagnostic tool

When a suspected food has been tested positively during the
allergy work-up, a diagnostic elimination diet of 4 to 6 weeks can
be a practical approach to evaluating clinical relevance. However,
a successful elimination diet alone is not fully reliable because the
improvement of AD might be due to other factors or may reflect
a placebo effect, particularly in older children and adults.

It is not unusual to have a negative allergy work-up in patients
with moderate-to-severe dermatitis. In selected patients, a diary
to reports food intake and symptoms could be of help to identify
the responsible food(s).”” Prolonged unselected or elemental
diets have not resulted in improving AD in children as shown in
a published review.®? In addition, such diets might induce
nutritional deficiencies if applied indiscriminately and without
a clear indication.®?

THE STANDARDIZED OFC: THE “GOLD
STANDARD”

The standardized OFC remains the “gold standard” for the
diagnosis of FA. It should be performed to assess a clear diagnosis
in patients in whom an elimination diet has improved skin
symptoms.
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OFC:s should always be performed under medical supervision
with emergency equipment available, particularly after long-lasting
elimination of the culprit food.*® Although a double-blind placebo-
controlled food challenge is preferred to open food challenge in
patients with active AD,** it may not always be the most practical
approach. In the case of questionable results with an open chal-
lenge, a blinded control challenge may still need to be performed.

Practically, OFC should be performed according to standard-
ized protocols.”" AD should be stable off systemic drugs, including
antihistamines, and the use of topical anti-inflammatory agents
should be reduced to the minimum. Before and after the OFC,
a physical examination should be performed. Ideally, an additional
examination at least 24 hours after challenge and evaluation that
use an eczema severity score [eg, by the SCORing Atopic
Dermatitis (SCORAD) test; a difference of >10 SCORAD points
is considered significant] can be helpful for proper interpretation.*®

Other diagnostic tests

The basophil activation test or basophil activation assay is an
in vitro assessment that uses flow cytometry to detect upregula-
tion of cell surface markers (eg, CD63) after antigen stimulation.
Only a few studies that explore its validity in clinical settings have
been reported.®>5¢

Food-specific IgG and IgG4 have not shown any validity in
diagnosis of FA and should not be measured, because they are
likely to be positive in patients with FA as well as in healthy
persons, reflecting normal immune responses to foods a person
has been exposed t0.%”%

TREATMENT OF PATIENTS WITH AD AND FA

Proper skin care of AD is an essential component of managing
patients while evaluating for potential triggers.*”" Irritants and
environmental triggers should be avoided as much as possible.
Microbial skin colonization and infection, particular by Staphy-
lococcus aureus, needs to be addressed. If suspected, allergy testing
to aeroallergens (eg, house dust mites, animal dander, pollen)
should be performed, particularly in older children and adults,”
followed by avoidance measures in patients with positive results.

In confirmed food-exacerbated AD, an elimination diet of the
causative food will lead to improvement of AD. In these patients,
the indication for a strict diet is still actively debated and its
duration not well defined. It has also been reported that after
a food elimination, patients might change their patterns of
reactivity by developing potentially severe IgE-mediated reactions
on accidental exposure.93 To avoid this, the continuous intake of
the implicated food, in a tolerated amount in combination with
an adequate treatment of the AD, has been suggested, although
the scientific evidence for this approach is lacking. Thus, the
potential benefits (decreased AD severity and improved quality of
life) and potential disadvantages (decreased quality of life because
of need for food avoidance and risk of anaphylactic reactions to
a food) of an elimination diet need to be evaluated and discussed
with the family.

FA AND AD: THE NATIONAL JEWISH HEALTH
ATOPIC DERMATITIS PROGRAM EXPERIENCE

One of the authors of this review (M.B.) works at a tertiary
national referral center where typically, children with severe
recalcitrant AD are sent for a 2-week program of intensive therapy
and evaluation of potential triggers.*” An all too common problem
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encountered in this population is that of a diagnosis of “multiple
food allergy” that is based on allergic sensitization to multiple
foods, often the result of an overly zealous diagnostic response to
suboptimal clinical outcomes. This can then lead to a cycle of
frustration and nutritionally unsound dietary restrictions. A
retrospective study from our center evaluated 125 children aged 1
to 19 years (median age, 4 years) who were evaluated for FA and
who underwent an OFC.”* Ninety-six percent of this selected
cohort had a diagnosis of AD with 42% classified as severe. A total
of 364 OFCs were performed on foods avoided before evaluation
at our center, of which 325 (89%) were negative. In this pop-
ulation, cow’s milk, hen’s egg, peanut, soy, wheat, tree nuts, and
shellfish accounted for most of the clinically relevant FAs. The
95% predictive decision points for food-specific IgE were useful
for milk, egg, and peanut. Of note, this was a retrospective analysis
in patients without a history of anaphylactic reactions, and the
nature of the design did not allow for OFCs on all suspected foods.

FOLLOW-UP AND PROGNOSIS

Approximately one-third of children with AD will outgrow
their food hypersensitivity 1 to 3 years after the diagnosis,
depending on the causative food.*¢ Allergy to cow’s milk, hen’s
egg, wheat, or soy is short lasting in most patients.””® Recent
data show that the rate of resolution of some FAs may be much
slower than initially reported.”” Regular follow-up visits at 12- to
18-month intervals may be required. Food-specific IgE levels are
helpful in determining the likelihood that the child has outgrown
the FA,”® but, because clinical reactivity is lost over time more
quickly than serum-specific IgE testing, OFCs are often needed
to assess the current status of clinical reactivity.

Patients allergic to peanut, nuts, fish, and shellfish are less likely
to lose their clinical reactivity with time.””'?’ These patients need
less frequent reevaluations. Fleischer et al'®' showed in 278
children with tree-nut allergy that only 9% will outgrow their
allergy. These data may underestimate the natural resolution of
nut allergy and need to be confirmed in further studies.

SPTs are not as helpful in the follow-up of patients with FA,
because they can remain positive for several years after the child
has outgrown the allergy. However, properly done negative tests
would have a high predictive value as discussed earlier.

CONCLUSIONS

AD is a common skin disease, particularly in early childhood,
with a significant effect on the quality of life of patients and their
families. New insights into both skin barrier and immune
abnormalities point to a complex pathophysiology. Increased
allergen absorption through a defective skin barrier and geneti-
cally determined immune dysregulation can contribute to skin
changes in AD and also in other target organs. FA has been well
documented in approximately one-third of children with
a moderate-to-severe AD, and an allergy workup should be per-
formed in this selected group of patients. The diagnosis is
currently based on SPT's and blood test screening, followed by an
elimination diet and OFC. Rationale for testing, as well as limi-
tations of testing, should be discussed with patients and caregivers
before initiating an evaluation of patients with AD. Once an
underlying FA is confirmed, the avoidance of the incriminated
food is generally recommended and usually contributes to an
improvement of the AD. Regular clinical follow-ups, including
a detailed history that searches for intercurrent accidental
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exposures and measures of specific IgE level, can be useful in
evaluating the development of clinical tolerance, which will
ultimately be determined by an OFC followed by successful re-
introduction of the food into the patient’s diet.

REFERENCES

1.

19.

20.

21.

22.

24.

Wise F, Sulzberger M. Eczematous eruptions. Year Book of Dermatology and
Syphilogy. Chicago: Year Book Medical; 1933.

. de Benedictis FM, Franceschini F, Hill D, Naspitz C, Simons FE, Wahn U,

et al. The allergic sensitization in infants with atopic eczema from different
countries. Allergy 2009;64:295-303.

. Worldwide variation in prevalence of symptoms of asthma, allergic rhino-

conjunctivitis, and atopic eczema: ISAAC. The International Study of Asthma
and Allergies in Childhood (ISAAC) Steering Committee. Lancet 1998;351:
1225-32.

. Roduit C, Frei R, Loss G, Buchele G, Weber J, Depner M, et al. Development

of atopic dermatitis according to age of onset and association with early-life
exposures. J Allergy Clin Immunol 2012;130:130-6.e5.

. Peters AS, Kellberger J, Vogelberg C, Dressel H, Windstetter D, Weinmayr G,

et al. Prediction of the incidence, recurrence, and persistence of atopic
dermatitis in adolescence: a prospective cohort study. J Allergy Clin Immunol
2010;126:590-5.e1-3.

. Bannister MJ, Freeman S. Adult-onset atopic dermatitis. Australas J Dermatol

2000;41:225-8.

. Ozkaya E. Adult-onset atopic dermatitis. J Am Acad Dermatol 2005;52:579-82.
. Bohme M, Wickman M, Lennart Nordvall S, Svartengren M, Wahlgren CF.

Family history and risk of atopic dermatitis in children up to 4 years. Clin Exp
Allergy 2003;33:1226-31.

. Cabon N, Ducombs G, Mortureux P, Perromat M, Taieb A. Contact allergy to

aeroallergens in children with atopic dermatitis: comparison with allergic
contact dermatitis. Contact Dermatitis 1996;35:27-32.

. Schmid-Grendelmeier P, Simon D, Simon HU, Akdis CA, Wuthrich B.

Epidemiology, clinical features, and immunology of the “intrinsic” (non-IgE-
mediated) type of atopic dermatitis (constitutional dermatitis). Allergy 2001;
56:841-9.

. Sampson HA. Role of immediate food hypersensitivity in the pathogenesis of

atopic dermatitis. J Allergy Clin Immunol 1983;71:473-80.

. Breuer K, Heratizadeh A, Wulf A, Baumann U, Constien A, Tetau D, et al.

Late eczematous reactions to food in children with atopic dermatitis. Clin Exp
Allergy 2004;34:817-24.

. Eigenmann PA, Sicherer SH, Borkowski TA, Cohen BA, Sampson HA.

Prevalence of IgE-mediated food allergy among children with atopic derma-
titis. Pediatrics 1998;101:E8.

. Breuer K, Wulf A, Constien A, Tetau D, Kapp A, Werfel T. Birch pollen-

related food as a provocation factor of allergic symptoms in children with
atopic eczema/dermatitis syndrome. Allergy 2004;59:988-94.

. Reekers R, Busche M, Wittmann M, Kapp A, Werfel T. Birch pollen-related

foods trigger atopic dermatitis in patients with specific cutaneous T-cell
responses to birch pollen antigens. J Allergy Clin Immunol 1999;104:466-72.

. Boguniewicz M, Leung DY. Atopic dermatitis: a disease of altered skin barrier

and immune dysregulation. Immunol Rev 2011;242:233-46.

. Kubo A, Nagao K, Amagai M. Epidermal barrier dysfunction and cutaneous

sensitization in atopic diseases. J Clin Invest 2012;122:440-7.

. Thomsen SF, Ulrik CS, Kyvik KO, Skadhauge LR, Steffensen I, Backer V.

Findings on the atopic triad from a Danish twin registry. Int J Tuberc Lung Dis
2006;10:1268-72.

Larsen FS, Holm NV, Henningsen K. Atopic dermatitis. A genetic-epidemi-
ologic study in a population-based twin sample. J Am Acad Dermatol 1986;15:
487-94.

Barnes KC. An update on the genetics of atopic dermatitis: scratching the
surface in 2009. J Allergy Clin Immunol 2010;125:16-29.e1-11.

Leung DY, Boguniewicz M, Howell MD, Nomura I, Hamid QA. New insights
into atopic dermatitis. J Clin Invest 2004;113:651-7.

Rodriguez E, Baurecht H, Herberich E, Wagenpfeil S, Brown SJ, Cordell HJ,
et al. Meta-analysis of filaggrin polymorphisms in eczema and asthma: robust
risk factors in atopic disease. J Allergy Clin Immunol 2009;123:1361-70.e7.

. Henderson J, Northstone K, Lee SP, Liao H, Zhao Y, Pembrey M, et al. The

burden of disease associated with filaggrin mutations: a population-based,
longitudinal birth cohort study. J Allergy Clin Immunol 2008;121:872-7.e9.
Weidinger S, O’Sullivan M, Illig T, Baurecht H, Depner M, Rodriguez E, et al.
Filaggrin mutations, atopic eczema, hay fever, and asthma in children.
J Allergy Clin Immunol 2008;121:1203-9.el.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

BERGMANN ET AL 27

Barker JN, Palmer CN, Zhao Y, Liao H, Hull PR, Lee SP, et al. Null mutations
in the filaggrin gene (FLG) determine major susceptibility to early-onset atopic
dermatitis that persists into adulthood. J Invest Dermatol 2007;127:564-7.
Irvine AD, McLean WH, Leung DY. Filaggrin mutations associated with skin
and allergic diseases. N Engl J Med 2011;365:1315-27.

Brown SJ, Asai Y, Cordell HJ, Campbell LE, Zhao Y, Liao H, et al. Loss-of-
function variants in the filaggrin gene are a significant risk factor for peanut
allergy. J Allergy Clin Immunol 2011;127:661-7.

Bieber T. Atopic dermatitis. N Engl J Med 2008;358:1483-94.

Lohr J, Knoechel B, Abbas AK. Regulatory T cells in the periphery. Immunol
Rev 2006;212:149-62.

Lin W, Truong N, Grossman WIJ, Haribhai D, Williams CB, Wang J, et al.
Allergic dysregulation and hyperimmunoglobulinemia E in Foxp3 mutant
mice. J Allergy Clin Immunol 2005;116:1106-15.

Ou LS, Goleva E, Hall C, Leung DY. T regulatory cells in atopic dermatitis
and subversion of their activity by superantigens. J Allergy Clin Immunol
2004;113:756-63.

Hijnen D, Haeck I, van Kraats AA, Nijhuis E, de Bruin-Weller MS, Bruijnzeel-
Koomen CA, et al. Cyclosporin A reduces CD4(+4)CD25(+) regulatory T-cell
numbers in patients with atopic dermatitis. J Allergy Clin Immunol 2009;124:
856-8.

Cardona ID, GolevaE, Ou LS, Leung DY. Staphylococcal enterotoxin B inhibits
regulatory T cells by inducing glucocorticoid-induced TNF receptor-related
protein ligand on monocytes. J Allergy Clin Immunol 2006;117:688-95.

Hinz D, Bauer M, Roder S, Olek S, Huehn J, Sack U, et al. Cord blood Tregs with
stable FOXP3 expression are influenced by prenatal environment and associated
with atopic dermatitis at the age of one year. Allergy 2012;67:380-9.

Noh J, Lee JH, Noh G, Bang SY, Kim HS, Choi WS, et al. Characterisation of
allergen-specific responses of IL-10-producing regulatory B cells (Brl) in cow
milk allergy. Cell Immunol 2010;264:143-9.

Lee JH, Noh J, Noh G, Choi WS, Cho S, Lee SS. Allergen-specific trans-
forming growth factor-beta-producing CD19+CD5+ regulatory B-cell (Br3)
responses in human late eczematous allergic reactions to cow’s milk.
J Interferon Cytokine Res 2011;31:441-9.

Noh J, Noh G. Allergen-specific responses of CD19high and CD19low B cells
in non-IgE-mediated food allergy of late eczematous reactions in atopic
dermatitis: presence of IL-17- and IL-32-producing regulatory B cells (Brl17 &
Br32). Inflamm Allergy Drug Targets 2012;11:320-9.

Noh J, Noh G, Kim HS, Kim AR, Choi WS. Allergen-specific responses of
CD19(+)CD5(+)Foxp3(+) regulatory B cells (Bregs) and CD4(+)Foxp3(+)
regulatory T cell (Tregs) in immune tolerance of cow milk allergy of late
eczematous reactions. Cell Immunol 2012;274:109-14.

. Adinoff AD, Tellez P, Clark RA. Atopic dermatitis and aeroallergen contact

sensitivity. J Allergy Clin Immunol 1988;81:736-42.

Berin MC, Kiliaan AJ, Yang PC, Groot JA, Taminiau JA, Perdue MH. Rapid
transepithelial antigen transport in rat jejunum: impact of sensitization and the
hypersensitivity reaction. Gastroenterology 1997;113:856-64.

Berin MC, Kiliaan AJ, Yang PC, Groot JA, Kitamura Y, Perdue MH. The
influence of mast cells on pathways of transepithelial antigen transport in rat
intestine. J Immunol 1998;161:2561-6.

Lack G, Fox D, Northstone K, Golding J. Factors associated with the devel-
opment of peanut allergy in childhood. N Engl J Med 2003;348:977-85.

Fox AT, Sasieni P, du Toit G, Syed H, Lack G. Household peanut
consumption as a risk factor for the development of peanut allergy. J Allergy
Clin Immunol 2009;123:417-23.

Atherton DJ, Sewell M, Soothill JF, Wells RS, Chilvers CE. A double-blind
controlled crossover trial of an antigen-avoidance diet in atopic eczema. Lancet
1978;1:401-3.

Sampson HA, Jolie PL. Increased plasma histamine concentrations after food
challenges in children with atopic dermatitis. N Engl ] Med 1984;311:372-6.
Sampson HA, Broadbent KR, Bernhisel-Broadbent J. Spontaneous release of
histamine from basophils and histamine-releasing factor in patients with atopic
dermatitis and food hypersensitivity. N Engl J Med 1989;321:228-32.

Burks AW, Mallory SB, Williams LW, Shirrell MA. Atopic dermatitis: clinical
relevance of food hypersensitivity reactions. J Pediatr 1988;113:447-51.
Eigenmann PA, Calza AM. Diagnosis of IgE-mediated food allergy among
Swiss children with atopic dermatitis. Pediatr Allergy Immunol 2000;11:
95-100.

Rowlands D, Tofte SJ, Hanifin JM. Does food allergy cause atopic dermatitis?
Food challenge testing to dissociate eczematous from immediate reactions.
Dermatol Ther 2006;19:97-103.

Sicherer SH, Sampson HA. Food hypersensitivity and atopic dermatitis:
pathophysiology, epidemiology, diagnosis, and management. J Allergy Clin
Immunol 1999;104:S114-22.



28

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

74.

75.

BERGMANN ET AL

Bohle B. The impact of pollen-related food allergens on pollen allergy. Allergy
2007;62:3-10.

Munkvad M, Danielsen L, Hoj L, Povlsen CO, Secher L, Svejgaard E, et al.
Antigen-free diet in adult patients with atopic dermatitis. A double-blind
controlled study. Acta Derm Venereol 1984;64:524-8.

de Maat-Bleeker F, Bruijnzeel-Koomen C. Food allergy in adults with atopic
dermatitis. Monogr Allergy 1996;32:157-63.

Uenishi T, Sugiura H, Uehara M. Role of foods in irregular aggravation of
atopic dermatitis. J Dermatol 2003;30:91-7.

Celakovska J, Ettlerova K, Ettler K, Vaneckova J, Bukac J. The effect of wheat
allergy on the course of atopic eczema in patients over 14 years of age. Acta
Medica (Hradec Kralove) 2011;54:157-62.

Sampson HA. The evaluation and management of food allergy in atopic
dermatitis. Clin Dermatol 2003;21:183-92.

Werfel T, Erdmann S, Fuchs T, Henzgen M, Kleine-Tebbe J, Lepp U, et al.
Approach to suspected food allergy in atopic dermatitis. Guideline of the Task
Force on Food Allergy of the German Society of Allergology and Clinical
Immunology (DGAKI) and the Medical Association of German Allergologists
(ADA) and the German Society of Pediatric Allergology (GPA). J Dtsch
Dermatol Ges 2009;7:265-71.

Strobel S, Ferguson A. Immune responses to fed protein antigens in mice. 3.
Systemic tolerance or priming is related to age at which antigen is first
encountered. Pediatr Res 1984;18:588-94.

Celik-Bilgili S, Mehl A, Verstege A, Staden U, Nocon M, Beyer K, et al. The
predictive value of specific immunoglobulin E levels in serum for the outcome
of oral food challenges. Clin Exp Allergy 2005;35:268-73.

Werfel T, Ballmer-Weber B, Eigenmann PA, Niggemann B, Rance F,
Turjanmaa K, et al. Eczematous reactions to food in atopic eczema: position
paper of the EAACI and GA2LEN. Allergy 2007;62:723-8.

Boyce JA, Assa’ad A, Burks AW, Jones SM, Sampson HA, Wood RA, et al.
Guidelines for the diagnosis and management of food allergy in the United
States: report of the NIAID-sponsored expert panel. J Allergy Clin Immunol
2010;126:S1-58.

Thompson MM, Hanifin JM. Effective therapy of childhood atopic dermatitis
allays food allergy concerns. ] Am Acad Dermatol 2005;53:S214-9.

Burks AW, Tang M, Sicherer S, Muraro A, Eigenmann PA, Ebisawa M, et al.
ICON: food allergy. J Allergy Clin Immunol 2012;129:906-20.

Niggemann B, Sielaff B, Beyer K, Binder C, Wahn U. Outcome of double-
blind, placebo-controlled food challenge tests in 107 children with atopic
dermatitis. Clin Exp Allergy 1999;29:91-6.

Hill DJ, Hosking CS, de Benedictis FM, Oranje AP, Diepgen TL, Bauchau V.
Confirmation of the association between high levels of immunoglobulin E food
sensitization and eczema in infancy: an international study. Clin Exp Allergy
2008;38:161-8.

Bock SA, Lee WY, Remigio L, Holst A, May CD. Appraisal of skin tests with
food extracts for diagnosis of food hypersensitivity. Clin Allergy 1978;8:559-64.
Sampson HA, Albergo R. Comparison of results of skin tests, RAST, and
double-blind, placebo-controlled food challenges in children with atopic
dermatitis. J Allergy Clin Immunol 1984;74:26-33.

Lemon-Mule H, Nowak-Wegrzyn A, Berin C, Knight AK. Pathophysiology of
food-induced anaphylaxis. Curr Allergy Asthma Rep 2008;8:201-8.

Sampson HA. Utility of food-specific IgE concentrations in predicting symp-
tomatic food allergy. J Allergy Clin Immunol 2001;107:891-6.

Benhamou AH, Zamora SA, Eigenmann PA. Correlation between specific
immunoglobulin E levels and the severity of reactions in egg allergic patients.
Pediatr Allergy Immunol 2008;19:173-9.

Bindslev-Jensen C, Ballmer-Weber BK, Bengtsson U, Blanco C, Ebner C,
Hourihane J, et al. Standardization of food challenges in patients with
immediate reactions to foods—position paper from the European Academy of
Allergology and Clinical Immunology. Allergy 2004;59:690-7.

Nicolaou N, Poorafshar M, Murray C, Simpson A, Winell H, Kerry G, et al.
Allergy or tolerance in children sensitized to peanut: prevalence and differ-
entiation using component-resolved diagnostics. J Allergy Clin Immunol 2010;
125:191-7.e1-13.

. Dang TD, Tang M, Choo S, Licciardi PV, Koplin JJ, Martin PE, et al.

Increasing the accuracy of peanut allergy diagnosis by using Ara h 2. J Allergy
Clin Immunol 2012;129:1056-63.

Caubet JC, Kondo Y, Urisu A, Nowak-Wegrzyn A. Molecular diagnosis of
egg allergy. Curr Opin Allergy Clin Immunol 2011;11:210-5.

Wang J, Lin J, Bardina L, Goldis M, Nowak-Wegrzyn A, Shreffler WG, et al.
Correlation of IgE/IgG4 milk epitopes and affinity of milk-specific IgE anti-
bodies with different phenotypes of clinical milk allergy. J Allergy Clin
Immunol 2010;125:695-702.e1-6.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

J ALLERGY CLIN IMMUNOL: IN PRACTICE
JANUARY 2013

Waulfert F, Sanyasi G, Tongen L, Watanabe LA, Wang X, Renault NK, et al.
Prediction of tolerance in children with IgE mediated cow’s milk allergy by
microarray profiling and chemometric approach. J Immunol Methods 2012;
382:48-57.

Turjanmaa K, Darsow U, Niggemann B, Rance F, Vanto T, Werfel T. EAACI/
GAZ2LEN position paper: present status of the atopy patch test. Allergy 2006;
61:1377-84.

Darsow U, Laifaoui J, Kerschenlohr K, Wollenberg A, Przybilla B,
Wauthrich B, et al. The prevalence of positive reactions in the atopy patch test
with aeroallergens and food allergens in subjects with atopic eczema: a Euro-
pean multicenter study. Allergy 2004;59:1318-25.

Mehl A, Rolinck-Werninghaus C, Staden U, Verstege A, Wahn U, Beyer K,
et al. The atopy patch test in the diagnostic workup of suspected food-related
symptoms in children. J Allergy Clin Immunol 2006;118:923-9.

Niggemann B, Reibel S, Wahn U. The atopy patch test (APT)—a useful tool
for the diagnosis of food allergy in children with atopic dermatitis. Allergy
2000;55:281-5.

Ronchetti R, Jesenak M, Barberi S, Ronchetti F, Rennerova Z, Trubacova D,
et al. Reproducibility of atopy patch tests with food and inhalant allergens.
J Biol Regul Homeost Agents 2008;22:27-33.

Bath-Hextall F, Delamere FM, Williams HC. Dietary exclusions for improving
established atopic eczema in adults and children: systematic review. Allergy
2009;64:258-64.

David TJ, Waddington E, Stanton RH. Nutritional hazards of elimination diets
in children with atopic eczema. Arch Dis Child 1984;59:323-5.

Niggemann B. Role of oral food challenges in the diagnostic work-up of food
allergy in atopic eczema dermatitis syndrome. Allergy 2004;59(Suppl 78):32-4.
Wanich N, Nowak-Wegrzyn A, Sampson HA, Shreffler WG. Allergen-specific
basophil suppression associated with clinical tolerance in patients with milk
allergy. J Allergy Clin Immunol 2009;123:789-94.e20.

Ocmant A, Mulier S, Hanssens L, Goldman M, Casimir G, Mascart F, et al.
Basophil activation tests for the diagnosis of food allergy in children. Clin Exp
Allergy 2009;39:1234-45.

Bernstein IL, Li JT, Bernstein DI, Hamilton R, Spector SL, Tan R, et al.
Allergy diagnostic testing: an updated practice parameter. Ann Allergy Asthma
Immunol 2008;100:S1-148.

Stapel SO, Asero R, Ballmer-Weber BK, Knol EF, Strobel S, Vieths S, et al.
Testing for IgG4 against foods is not recommended as a diagnostic tool:
EAACI Task Force Report. Allergy 2008;63:793-6.

Boguniewicz M, Nicol N, Kelsay K, Leung DY. A multidisciplinary approach
to evaluation and treatment of atopic dermatitis. Semin Cutan Med Surg 2008;
27:115-27.

Leung DY, Nicklas RA, Li JT, Bemnstein IL, Blessing-Moore 1J,
Boguniewicz M, et al. Disease management of atopic dermatitis: an updated
practice parameter. Joint Task Force on Practice Parameters. Ann Allergy
Asthma Immunol 2004;93:S1-21.

Baron SE, Cohen SN, Archer CB. Guidance on the diagnosis and clinical
management of atopic eczema. Clin Exp Dermatol 2012;37(Suppl 1):7-12.
Caubet JC, Eigenmann PA. Allergic triggers in atopic dermatitis. Immunol
Allergy Clin North Am 2010;30:289-307.

Flinterman AE, Knulst AC, Meijer Y, Bruijnzeel-Koomen CA, Pasmans SG.
Acute allergic reactions in children with AEDS after prolonged cow’s milk
elimination diets. Allergy 2006;61:370-4.

Fleischer DM, Bock SA, Spears GC, Wilson CG, Miyazawa NK, Gleason MC,
et al. Oral food challenges in children with a diagnosis of food allergy.
J Pediatr 2011;158:578-83.el.

Sampson HA, Scanlon SM. Natural history of food hypersensitivity in children
with atopic dermatitis. J Pediatr 1989;115:23-7.

Bock SA. The natural history of food sensitivity. J Allergy Clin Immunol
1982;69:173-7.

Savage JH, Matsui EC, Skripak JM, Wood RA. The natural history of egg
allergy. J Allergy Clin Immunol 2007;120:1413-7.

Perry TT, Matsui EC, Kay Conover-Walker M, Wood RA. The relationship of
allergen-specific IgE levels and oral food challenge outcome. J Allergy Clin
Immunol 2004;114:144-9.

Fleischer DM, Conover-Walker MK, Christie L, Burks AW, Wood RA. The
natural progression of peanut allergy: resolution and the possibility of recur-
rence. J Allergy Clin Immunol 2003;112:183-9.

Savage JH, Limb SL, Brereton NH, Wood RA. The natural history of peanut
allergy: extending our knowledge beyond childhood. J Allergy Clin Immunol
2007;120:717-9.

Fleischer DM, Conover-Walker MK, Matsui EC, Wood RA. The natural
history of tree nut allergy. J Allergy Clin Immunol 2005;116:1087-93.



	Evaluation of Food Allergy in Patients with Atopic Dermatitis
	Where are we in understanding mechanisms linking FA to AD?
	The role of allergens in the pathogenesis of AD
	Food-triggering AD: Clinical evidence
	Patterns of clinical reactions to food in patients with AD
	FA in AD: A diagnostic puzzle
	SPTs
	Serum-specific IgE
	Atopy patch test
	Elimination diet as a diagnostic tool

	The standardized OFC: the “gold standard”
	Other diagnostic tests

	Treatment of patients with AD and FA
	FA and AD: The National Jewish Health atopic dermatitis program experience
	Follow-up and prognosis
	Conclusions
	References


